ABSTRACT. We cloned, sequenced and analyzed the cDNAs encoding Camelidae inflammatory cytokines, including llama (lama glama) interleukin (IL)-1α, IL-1β, IL-6, tumor necrosis factor (TNF)-α and camel (Camelus bactrianus) IL-6 and TNF-α. The similarity levels of the deduced amino acid sequences of IL-1α, IL-1β, IL-6 and TNF-α from llama (camel) to those from other mammalian species, ranged from 60.7% to 87.7%, 52.8% to 75.3%, 41.4% to 98.6%, and 72.9% to 99.6%, respectively. Phylogenetic analyses based on nucleic acid sequences showed that llama IL-1α, IL-1β, IL-6 and TNF-α were more closely related to those of camel, pig, cattle, sheep and horse than to those of human, dog, cat, mouse and rat.
Cytokines have many roles in the normal processes of host defense against infection and injury. Most studies on inflammatory cytokines are based on experiments of stimulation with lipopolysaccharide (LPS) endotoxins from gram-negative and exotoxins from gram-positive organisms [15] . Inflammatory cytokines play important roles in the outcome of infectious diseases and inflammation [16] . Interleukin (IL)-1, an inflammatory cytokine, has two distinct genes IL-1α and IL-1β [5] and shows a variety of immunological responses. IL-1 is more closely related to tumor necrosis factor (TNF) than any other cytokines. Biological properties of TNF share remarkable similarities with those of IL-1, although their structure and receptors are clearly distinct. IL-6 plays a central role as a mediator of inflammatory and acute phase responses. The inflammatory cytokines IL-1, IL-6 and TNF-α are the principal mediators of natural immunity against gram-negative bacteria and are key mediators of inflammatory response and septic shock [20] . IL-1α, IL-1β, IL-6 and TNF-α have been cloned and sequenced from several mammalian species such as bovine, ovine, porcine, equine as well as human and mouse [1, 2, 7, [9] [10] [11] [12] [13] [14] 25] . Recently, llama Th1 (IL-2, IFN-γ and IL-12) and Th2 (IL-4, IL-10 and IL-13) cytokines were cloned and sequenced [18, 19] . Previously, we reported the quantification of llama inflammatory cytokine mRNAs by real-time PCR [17] . However, no sequence data have been reported for inflammatory cytokines (IL-1, IL-6 and TNF-α of the Camelidae.
Molecular information such as nucleotide and amino acid sequences can be used to infer phylogenetic relationships of organisms. The use of molecular data for inferring phylogenetic trees has now gained considerable interest among biologists of different disciplines. Phylogenetic analyses identified three Artiodactyla superordinal clades: (I) Suiformes (pigs, peccaries, and hippopotamuses) (II) Tylopoda (camels, llamas, vicugnas) and (III) Ruminantia (elk, deer, giraffes, antelopes, cows, goats and sheep). The eutherian mitogenomic studies showed a close relationship between pig, camel and ruminants [4] . However, the phylogenetic relationship among these artiodactyls suborders is not well defined at the molecular level.
The purposes of this study is cloning and sequencing of llama and camel inflammatory cytokines to compare with those of other species. The cDNAs of llama IL-1α, IL-1β, IL-6, TNF-α and camel IL-6 and TNF-α were cloned and sequenced. Homology analyses of nucleotide and deduced amino acid sequences of llama and camel inflammatory cytokines and phylogenetic analysis based on their nucleotide sequences indicated close relationship in these cytokine cDNAs between llama (camel) and eutherian mammalian order Artiodactyla (pig, cattle and sheep) and Perissodactyla (horse).
MATERIALS AND METHODS

Animals:
The llama (lama glama) used in these experiments was maintained at the experimental animal facility unit of the Veterinary school, Hokkaido University. The camel (C. bactrianus) was maintained at Arkhust, Tuv province, Mongolia. All animal experiments were performed according to protocols approved by the institutional committee for use and care of animals.
Preparation of llama and camel PBMCs, RNA isolation and RT-PCR: In order to clone the inflammatory cytokines of llama and camel, blood samples were collected by jugular venipuncture and peripheral blood mononuclear cells (PBMCs) were isolated by density-gradient centrifugation using Percoll (Amersham-Pharmacia, Sweden). PBMCs were cultured in RPMI 1640 medium (Gibco BRL, U.S.A.) containing 10% heat-inactivated fetal bovine serum (FBS), 100 U/ml penicillin and 100 ng/ml streptomycin. Cells (1 × 10 7 /ml) were grown in 24-well plates and stimulated with Concanavalin A (Con A, 5 µg/ml) for 12 hr. Total RNA was isolated from Con A-stimulated PBMCs using the TRIzol reagent (Invitrogen, U.S.A.). An aliquot of the total RNA (5 µg) was reverse-transcribed with RAV2 reverse transcriptase (20 U/µl, TAKARA, Japan) and the oligo-dT primer (0.5 mg/ml) in a 40 µl volume reaction mixture according to the manufacturer's instructions. IL-1α, IL-1β, IL-6 and TNF-α cDNAs were amplified from mRNAs of llama and camel by PCR using primers designed based on bovine and porcine cytokine sequences reported in the GenBank (Table 1) . In order to clone a complete IL-1α of llama, we used 2 pairs of primers, which would amplify fragments with predicted sizes of 605 and 355 bases (Table   1) . PCR was carried out in a total volume of 20 µl, containing 10 mM Tris-HCl (pH 9.0), 50 mM KCl, 1.25 mM MgCl 2 , 0.2 mM dNTPs, 5 U of Taq polymerase (TAKARA), 10 pmol each of the primers, and 2 µl of cDNA. Cycling conditions for PCR were 35 cycles of 45 seconds at 94°C, 45 seconds at annealing temperatures depending on cytokines to be amplified (Table 1 ) and 1 min at 72°C, followed by a final extension for 5 min at 72°C. Cloning and sequencing: Resultant PCR products were separated on 2% agarose gels containing ethidium bromide (10 mg/ml), and visualized under UV light. The PCR products were purified using Geneclean II Kit (Bio 101, U.S.A.), and cloned into pGEM-T easy vector with T4 DNA ligase (Promega, U.S.A.). The plasmids were transformed into E. coli DH5 α. Colonies with correct sizes were inoculated into LB broth and incubated at 37°C overnight with horizontal shaking. The plasmids DNA were extracted from culture using a purification kit (QIAGEN, U.S.A.). In each experiment, five to eight plasmid clones containing cytokine cDNAs were sequenced using the BigDye terminator cycle sequence kit (Applied Biosystems, UK) and an automated DNA sequencer (PRISM TM 310 Genetic Analyzer, Applied Biosystems).
Computer sequence and phylogenetic analysis: The determined nucleotide sequences and the deduced amino acid sequences of the complete llama IL-1α, IL-1β, IL-6 and TNF-α and camel IL-6 and TNF-α were analyzed using the GENETYX-MAC 10 package (Software Development Co., Ltd, Japan) in combination with the BLAST program (NCBI) search of GenBank for homology with known IL-1α, IL-1β, IL-6 and TNF-α sequences. The sequence data herein have been submitted to GenBank and assigned Accession numbers. The numbers used in the alignments and phylogenetic analyses are presented in Table 2 .
Phylogenetic analysis was performed using the CLUSTAL X program [24] . The transition/transversion rates were calculated using the PUZZLE 4.0.2 program [22] . Bootstrapping values were calculated using the modules SEQBOOT (random number seed: 123; 100 replicates), DNADIST (distance estimation: maximum likelihood; analysis of 100 data sets), NEIGHBOR (Neighbor joining and UPGMA method; random number seed: 99; analysis of 100 
bp, base pairs. data sets) and CONSENSE from the PHYLIP package, version 3.573 [8] . The phylogenetic trees were computed with DNADIST and NEIGHBOR modules with the same parameters as above, and TREEVIEW version 1.6.0 [21] was used for visualization of the trees.
RESULTS
Cloning and sequence homology of inflammatory cytokines of llama and camel: cDNAs of llama IL-1α, IL-1β, IL-6 and TNF-α were cloned and found to be 807, 804, 636 and 702 bp in length, with open reading frames (ORF) encoding 268, 267, 211 and 233 amino acids, respectively. Camel IL-6 and TNF-α were also cloned and found to be consistent in length and ORF residues (or sequences) with llama IL-6 and TNF-α. The nucleotide and deduced amino acid sequences of llama IL-1α, IL-1β, IL-6, TNF-α and camel IL-6, TNF-α compared with inflammatory cytokine sequences from different mammalian species are given in Table 3 . Homology analyses of nucleotide and deduced amino acid sequences of llama IL-1α, IL-1β, IL-6, TNF-α and camel IL-6, TNF-α indicated close relationship in these cytokine genes between llama (camel) and eutherian mammalian order Artiodactyla, which includes pig, cattle and sheep. This suggests a close evolutionary relationship among species from the Camelidae.
Characterization of deduced amino acid sequences of llama inflammatory cytokines: The alignment of deduced amino acid sequences of llama (camel), cattle, pig and horse IL-1α, IL-1β, IL-6 and TNF-α are shown in Fig. 1 . Most of the putative N-linked glycosylation sites, cysteine (Cys) residues and the amino terminal of the mature proteins were conserved among most species [11] [12] [13] (Fig. 1A , B, C and D marked with triangle, star and arrow). The deduced amino-acid sequence of llama IL-1α, bearing two N-linked glycosylation sites (position 102-103 and 141-143) had two Cys residues. Llama IL-1β had four Cys residues, with only one N-linked glycosylation site at the same position as that of cattle, pig and horse. Interestingly, another potential Nlinked glycosylation site present in llama IL-1β was observed (position 166-168), which was not present in other animals. The positions of the carboxyl-terminal endpoint for active proteins (tripeptide of Thr-Asp-Phe or TDF) of llama IL-1α and IL-1β was in alignment with those of cattle, pig and horse IL-1α and IL-1β (Fig. 1A and B, a black dot) . The homology between the llama IL-1α and IL-1β sequences was low and was 22.9%. The deduced amino acid sequence of llama and camel IL-6 and TNF-α included four Cys residues, which were conserved among the other three species (Fig. 1C and D, marked with a star) .
Phylogenetic analysis of llama and camel inflammatory cytokines compared to those of other mammalian species:
In order to illustrate the phylogenetic relationship among the IL-1α, IL-1β, IL-6 and TNF-α of several mammalian species including llama (camel), a phenogram was constructed on the basis of nucleic acid sequences. Phylogenetic analyses were conducted using the llama and camel nucleic acid sequences collected in this study and sequences from the GenBank for several other mammalians ( Table 2) . As shown in Fig. 2 , the mammalian species described in this study could be classified into five major groups of Rodentia (mouse and rat), Primates (human), Perissodactyla (horse), Artiodactyla (cattle, sheep, pig, llama and camel) and Carnivora (dog and cat). Our results showed that llama IL-1α, IL-1β, IL-6 and TNF-α were more closely related to those of pig than to those of cattle, sheep, belonging to the suborder Tylopoda, Suiformes and Ruminantia of Artiodactyla ( Fig. 2A, B, C, D) .
DISCUSSION
Cytokines are clinically important as biological response modifiers. In this paper the cloning of inflammatory cytokines from llama (camel) is described. The nucleotide (amino acid) sequences of IL-6 and TNF-α for llama were comparable to those of camel IL-6 and TNF-α, with a high degree of homology ranging from 98.6 to 99.0% (98.6-99.6%). Comparison of IL-1α and IL-1β amino acid sequences revealed a high level of homology between llama and other mammalian species. Despite the marked crossspecies sequence conservation for the sequences, llama IL-1α and IL-1β share only 22.9% homology, consistent with IL-1α and IL-1β comparisons for cattle (23.0%) and horse (27.5%) proteins [11, 13] . Of particular interest was the observation that llama IL-1α and IL-1β carboxyl-terminal endpoint for active proteins (tripeptide of Thr-Asp-Phe or TDF) were found at the same positions in cattle, pig and horse [11] [12] [13] . This suggests that the region is highly con- served in these species and may be required for retention of activity of cytokine proteins [13] . Interestingly, Cys residues in llama (camel) IL-6 was found to be located at the same position as in cattle, pig, horse and human IL-6. This suggested that highly conserved four Cys residues may play an important role in tertiary structure and functional integrity [1, 6, 23] . The preceding information indicates that the Camelidae inflammatory cytokines are similar in structure to the cDNAs described from other species. They are likely to be regulated in a similar manner and to have an equally important immunoregulatory role in Camelidae. This high rate of sequence conservation among different orders could be due to the highly selective pressure necessitated by the fundamental role of cytokines in immunological function.
Phylogenetic analyses have become critical for the analysis of comparative sequence databases and it plays an increasingly important role in clinical medicine. The amount of data available for phylogenetic analysis has increased significantly during the last decade. In recent years, molecular and morphological studies have been widely used for phylogenetic studies to estimate the genetic relationship among mammalian species and it has been suggested that the suborder Tylopoda might be more closely related to the Suiformes and Ruminantia of the order of Artiodactyla. A close relationship between Tylopoda and Suiformes was first suggested many years ago, although the exact nature of this relationship was unclear [3] . The Camelidae IL-1α, IL-1β, IL-6 and TNF-α were clustered into the larger clade, group Artiodactyla then Perissodactyla, together with that of the ruminant (sheep and cattle), pig and horse. Moreover, this study identified a sister group rela- The sequence alignment was performed and the trees were drawn as described in the Materials and Methods. The ORF of IL-1α, IL-1β, IL-6 and TNF-α sequences were aligned using the CLUSTAL X program within DNADIST and a phylogenetic tree was constructed using the Neighbor-Joining algorithm within PHYLIP package, version 3.573 [8] . 
